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SUBJECT: Industrial Hypiene Special Study No. $5-66-0214-81,
N-fitrosodimethylamine, Hydragzine, and |, l-Dimethylhydragzine
Expusures at the Hydrazine Blending Facility, Rocky Mountasin
Arsenal, Commer.e City, CO, 16-27 Jeae 1940

Commander

1SA Materie!l Development sad
Readinees Command

ATTN: DRCSG

SN0 Licenhower Avenue

Alenandria, VA 2233

1. Due to fluctuating wind conditions and spparent multisources of exposure,
N-Nitrosodimethvemine (ND™A) 15 prevalent thruughout the facility. Since
there 18 no Oo upational Safety and Hea'th Administcation (OSHA) Perwmissible
frposnre Limit (PEL) for KIWMA, no safe distance can be established within the
Nvdrazine Alending Facility where respirstory protection is not required,
Therefore, respiratory protection should be reauired for all entries into the
Facility when in operatina, up to 24 hours after vperation, and for all
maintenancs work un the systeme, Since no sir purifying respiretor has been
tested for YWA, only sir supplied ur self-coatained breathing air respirators
are cunsidered adequate,

2. Recommendstions are also made for reducing the number of sources of
exposures,
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DEPARTMENT OF THE ARMY
US ARMY ENVIRONMENTAL HYGIENE AGENCY
REGIONAL DiVISION - WEST
FITZSIMONS ARMY MEDICAL CENTER '
AURORA. COLORADO 80043 28 0CT 180
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INDUSTRIAL HYGIENE SPECIAL STUDY NO. 55-66-0216-81
N-NITROSODIMETHYLAMINE, HYDRAZINE, AND 1, 1-DIMETHYLHYDRAZINE
EXPOSURES AT THE HYDRAZINE BLENDING FACILITY
ROCKY MOUNTAIN ARSENAL
COMMERCE CITY, CO
16-27 JUNE 1980

1. AUTHORITY.
8. AR 40-5, Health and Envirvnment, 25 September 1974,

b, Letter, HSE-ZX, Rocky Mountain Arsenal, 29 April 1980, subject:
Request for Technical Assistance, with indorsements.

2., REFERENCES. See Appendix A for a list of references.
‘ 3. ABBREVIATIONS, Se¢e Appendix B for a list of abbreviations,

4, PURPOSE. To determine exposure levels to N-Nitrosodimethylamine (NDMA),
Hydrazine, and |, l-Dimethylhydrazine (UDMH) during various job vperations and
wind conditions at the Rocky Mountain Arsenal (RMA) Hydrazine Pacility,

5. BACKGROUND.

a. UDMH upon exposure to sir may be converted to trace smounts of the
potentially carcinogenic compound N-Nitrosodimethylamine (NDMA), UDMH may
also contain small smounts of NDMA as & contaminant (see references 13 & 14),
References 2, 4, and 5 found NDMA at various locations duriang transfer/
blending operations at the RMA facility. Curreant law® prohibits any
occupational exposure to NDMA. To support previous recommendations made for
the use of positive pressure, sir supplied or self-contained breasthing air
(SCRA) respirators during all entries into the facility would be logistically
and administratively difficult. RMA, therefore, requested a wore detailed
study be performed (reference 1) to equate job operations and wind directions
to expusure levels in order to determine if & minimum safe distance can be
vstablished, and to pinpoint the main sources of exposures,

*See paragraph 6E(2)(b) on page 3.

by the US Army, but is intended only to assist in

e Use of trademarked names does not imply endorsement
identification of a specific product,
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b. References 6 and 7 discuss the potential for artificial formation of
Nitrosovamines both in Tenax® sorbent and during analytical procedures when
artifacts of the compound are present, thus potentially indicating a false
high exposure. Also discussed is the low break through volume for NDMA on
Tenax® sorbent, thus potentially indicating a false low exposure. Since
previous Air Force and Army studies (references 2,4,& 5) used Tenax® sorbent,
the scope of this study was expanded to include comparative sampling using
Tenax® and Thermousorb/N® sorbents. Thermosorb/N® is a sorbeant which inhibits
the artificial formation of Nitrosoamine compounds and has good retention for

NDMA.,

2. In addition to the undersigned, CPT Steven J. Stoae, CPT Kenneth E,
Hergenrader, Mr. Michael J. Richen, of this Agency and Mr. George Pudalsk,
USAFHA contributed in conducting this study. The Army Atmospheric Science
Lahoratory RMA provided all wind data. Personnel contacted during this study
ar- 'letad in Appendix C,

6. TINDING AND DISCUSSION.

a. The Hydrazine Facilitv. The hvdrazine facility is a transfer/storape
fa ilit+ for hvdrazine and UDMH and a blending/storage facility for Aerovzine
50, MNydrazine is loaded or down lvaded from railroad tank cars, tank trucks,
55 ~allon A=ms, and storage tanks. Four separate loading stations are
involvea and a diagram of the facility can be found on page D=2,

b. Samnling Strategv. To determine exposure levels six fixed sampling
moits Wwitoan Lne facility and two control points outside the facility were
hes:m.  To chara:terize exposures at the various tranafer/blending
v s, coale, upwind, and downwind samples were also taken. Sampl:ng
poLais are Jisted in Appendix D,

Mt d of Collection. Samples were collected un sorbent materials
as. . D omue L6055 wad HSA model G sampling pumps. The adsorption media fur
Ny talidees wAn L00 my of 40/60 mesh silica gel coated with conceatrated
su)fusic azid, For NDMA, comparative samples were taken using 150 mg of
Tenzx® aorvent (the type of tube used during the previous Armv study,
rei refice 37 and commercially prepared Thermosorb/N® cartridpes. Sampling
rat .s and times were adjusted (as far as practical) to obtain optimum sample
vol »=1 of 1 [or NDMA and AOL for the hydrazines. Pump calihration3 wers

ver't =4 . l‘{.

1V of ppalvsis, Hvdrazine samples were analyzed by NIOSH
Do ., a. - “hemical Analvtical Method 268 (see reference 11). The
ar - ‘Mod for NDMA consisted of desorption of samples with 2 =i
i ¢ a- 7 measir.twemt by pas chrumatograph equipped with a dual rnitrceg--
o R te-t--, The peak identified as NDMA during the acaly .. . °
T . .1 i*ermisorh/N® cartridyes Fad a retention time S.7 ». o
" g wiy M zolumn and was confirmed by Gas Chromotogcaph, “ees
3 co w2 {32-18) anglvsis using the same Column,

2
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e. Standards.
(1) Hydrazines
(a) ACGIH-TLV 1979ed, Hydrazine 0.] ppm, UDMH 0.5 ppm
(b) NINSH Recormmended Standard, Hvdrazine 0.03 ppm, UDMH 0.06 ppm
(c) . OSHA Standard 29 CFR 1910.1000, Hydrazine 1 ppm, iDMH 0.5 ppm
(Z) NDMA

(a) ACGIF=-TLV (reference 16) "Because of extremely high toxiczity and
presumed caczinogeais potential of N-Nitrosodimethylamine, contact should not
be permitted by any route.”

(b) OSHA Standard 29 CFR 1910.1016, currently there is no established
Permissihle Exposure Limit (PEL); however reference 14 indicates there is some
feeling that a PEL mav be established in the order of 1 ppb. To confirw this,
Mr. Tipton, OSHA Standards Division, Washington, DC, point of contact listed
in reference 15, was contacted. His office has no information concerning the
establishment of a PEL. Dr. David West, NIOSH Criteris Document Section,
Rockville, MD, was also contacted. A NIOSH Intelligence Bulletin on
N-Nitrusodimethvliamines will be published in the near future but will not

' address the estahlishment of a PEL. Although this standard applies oniy to
mixtures containing more than 1% NDMA and military specification MIL P 25604
limits NDMA contamination in UDMH to 0.01%, UDMH can spontaneously oxidize
into NDMA on exposure to air. Therefore, NDMA exposures from NDMA
contamination in UDMH accounts for only a portion of the workers overall
expusure to NDKA and the less than 1% exclusion is inapprupriate.

f. Comparative Sampling Tenax® vs Thermosorb/N® Sorbents. One hundred
and forty one pair of comparative samples vere taken, Of these, forty pair of
results were found to be, and were reported as, less than 0,17 ppb. Of the
remaining 10! pair, 96 Tenax® vslues were below the corresponding
Thermosorb/N® values. 1enax® values ranged from 2-275% (average 34%) of the
Thermosorb/N® value. Due to the large fluctuation between sample pairs a
laboratory efficiency study was conducted, A 150 mg Tenax® tube was fortified
with 100 ne NDMA and connected in series to an identical unfortified tube.
Laboratory air was pumped through hoth tubes at | Lpm for 100 minutes. The
two tubes were desorbed and analyzed as previously described. The fortified
tube (front tube) contained 38 ng and the unfortified tube (backup tube)
contained 55 ng. Ninety three percent of the 100 ng was recovered from the
comhination of both tubes of which only 412 of the recovered amount was
retained on the fortified front tube. The same procedure was used with two
Thermosorh/N® cartridges. A recovery of 961 was obtained from the analysis of
the fortified cartridge {front cartridge). The unfortified cartridge yielded
an undetectable concentration. A synthetic sample of NDMA was then gencrated
in the laboratory and a commercial 150 mg Tenax® tube was used to collect 16O

® )
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L of sample. Of the theoretical 200 ng, onily 28% was recovered. These

results confirm reference 6's finding that Tenax® has a poor retention for:
NDMA and that, under conditions present at RMA, NDMA breakthrough indicating a
false low exposure was far more dominant than artificial! formation of the
compound. Therefore, values reported in Appendix E are those obtained from
collection on Thermosorb/N® cartridges unless otherwise stated. A tabulated
list of Tenax® vs Thermosorb/N® values are listed in Appendix F. & comparison
of the Air Force collection technique, which uses Tenax® tubes coantaining 2.5 -
3 grams of sorbent, was not made.

. Ambient Levels. Ambient air samples were collected on 17 June to
determine background levels at the hydrazine facility when not in operation.
Hydrazines were not detected. However, NDMA was detected in the mixer area,
drum storapge ar=a, and tank storage area indicating that leaks must exist in
the svstem, Although hydrazines were not detected in the sub~ppm range (the
leve® at which hydrazine standards are established), does not mean that they
dare not present in the sub-ppb range (the level at which NDMA was detected).

h. Specific Operations.

(1) Drum Filling., On (8 June, 55 gallon drums were filled with
hvdrazine and UDMH. The operation required two workers; one to position the
drur.. w.it he forklift, the other to make connections and do the filling.
The furklift operator wore an M9 Gas Mask, while the filler wore a SCBA
respiracor. The forklift was not approved for use in explosive atmospheres.

Cam, . reur’i. {pape E=3, show hydrazines being detected arvund the filling
vpeTu.t0n hut show no increase in levels throughout the rest of the facility.
e ol il e Were 0ot onlv hiph around the operatien, but were

wigie . AV . nughier Lhan ambient conditions in the sump area, mixer arca, and
the oo st 2o area even during the afternoon hydrazine filling operation.
't te'ieved to be due to the residual UIDHH from earlier uoperations.

i: o Rinsing/Steam Cleaning. Seven drums were also cleaned on 18

ar T o v v 1oa consisted of vne employee (in a SCBA respirator) upening
he  rms ana nartial'ly filling them with water., Three other employees
Tw.toont Pessrratary protection) then rolled the drums oo their sides to

(ns: e comple. e rinsing and drained them onto the concret slab. The
Of*.ar note. w . ter wds drained through a floor drain to the holding sump. A

spui e . f the swven drums (using a Drager indicator tube) indicated tha:
E - “erued g significant hydrazine or IDMH residue prior to the
' e ct. After rinsing, lhe drums were rolled to the NW corner of
R . : 4 teamed. Workers did not wear respiratory protection duriag
. ' resu'ts (page £-3) show hydrazines pose no direct problem
abr . tevs!s were hiph enough fo require respiratorv _srotection during
b IR ot steaming,

c-t2r, hailroad Car to/t-:m Storage Tanks, Thede uperatiors
2 . cintove=a to make and hreak cunnections and one employee to
e r vt f=r gaupes (all three wore SCBA respirators). Hydrazire was
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transferred on 19 June and Aerozine 50 on 20 and 23 June (sece pages E-4, E-5,
& E<6). In general, hydrazines pose no problem but NDMA levels were found to
be higher than ambient conditions throughout the facility, with levels being
greater during Aervzine 50 transfer as would be expected.

(4) Transfer, Tank Truck to/from Storage Tanks. This operation also
requires two workers to make and break connections and one to monitor the flow
gauges. UDMH was transferred on 20 and 24 June (see pages E~5 & E-7). NDMA
levels were found to be higher thguL4h;:Lnz_xa;l;nad.sa:.&:ansin:.npa:a&aans.
This could either be due to pure UDMH being transtered (as compared to
Aerozine 50 during the railroad car transfer operation), or due to minor leaks
in the truck transfer system.

(5) Changing of the UDMH filter on the morning of the 25 June would
partially, but not totally, account for the high NDMA levels found that
morning (see page E-8 and filter cleaning operation 24 June, page E=7).
Residual contaminated water in the drains, on the concrete slabs, and in the
sump, in addition to suspected minor leaks in the system, are believed to
account for the rest. This would tend to indicate that NDMA levels higher
than ambient are present a day following transfer operations.

(6) On 26 June, UDMH was transferred from a truck to a railroad car.
However, due to contamination in the UDMH, the railroad car was vented
directly to atmosphere in an attempt to install a shorter siphoning port.
This was a non-routine operation. _High NDMA levels were found throughout the
hydrazine facility even at the Jth street perimeter fence.

i. Potential Sources of Exposures {Other than leaks in the System and
making/breaking of connections).

(1) The main source of exposure in the mixer area is believed to be
the system vent-scrubber. Contaminated air from the system is passed through
a water scrubber before being vented to atmosphere. The scrubber water is
discharged through a floor drain to a holding sump. Exposures may occur from
poor scrubber efficiency and from the air gap between the scrubber and floor
drain.

(2) Even though the sump is now being precharged with calcium
hypochlorite to oxidize the hydrazines, and a floating plastic cover has been
added to reduce exposed surface area, theSump—eiidl-appears to he a madin
source of exposure, The capacity of the pump which circulates the sump water
appears to be ilnadequate to insure rapid complete mixing.

(3) Although the bulk of the contaminated water from drum rinsing is
removed through a floor drain, the remaining standing water can be a
significant source of exposure when a contaminated drum has been rinsed.

(4) Tank levels must be checked manually with a dip stick, which ;x
releases the hydrazines directly to air.

5
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(5) All floor drains leading to the sump are a potential source of
exposure if not equipped with a water trap or if the water level is the trap
is not maintained.

j. Medical Surveillance. Hydrazine Facility workers are included in the
RMA Medical Survelllance Program and are receiving proper examinations.

7. CONCLUSION. NDMA levels are prevalent throughout the hydraziee facility.
Due to fluctuating wind conditions, apparent multisources of exposare, and
lack of an established safe expusure limit to NDMA, no safe distame can be
established within the facility where respiratory protection is not required.
Since no air purifing respirator has been tested for its efficiency and
breakthrough times for NDMA, only air supplied or self contained dreathing air
respirators are considered adequate (see references 14 & 15).

8. RECOMMENDATIONS.

a. The following recommendations are made for reducing the mmber of
sources of exposures at the hydrazine facility until recommendations contained
in the study by Sterns and Rogers, for a total upgrade of the facility caa be
made:

(1) Throughly inspect all pipes, valves, gauges, and fittings
repairing any leaks found.

(2) Prechlorinate the scrubber water to improve its efficiency by
reducing the Concentrations of hydrazines and NDMA at the source. This would
eliminate the need for a larger pump for circulating the water in the sump.
Prechlorinated water could also be used for rinsing the concretc siab after
drum rinsing operations, It will be important to maintain a residual chlorine
concentration to ensure complete oxidation.

(3) Insure that all floor drains leading to the sump have water traps
and that water tevels in the traps are maintained.

(4) Provide a separate closed drain for the scrubber, it could be
attached to existing plumbing on the downstream side of the floor drain water

trap.

(5) Provide fluid level gauges on the storage tanks to eliminate the
neex for checking tank levels with dip sticks.

t. 1In the interim, until the facility can be npgraded, require the use cof
ai: c.w0lied or self contained respiratory equipment for all entries into thne
fa.il.-ty when in operation, for all entries within 24 hours after an
operation, and for all personnel performing maintenance on the system (see
ref -.~r2e 14 & 15),
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c. Should non-routine operations be performed where the hydrazines are
vented divectly to air (for example c)eaning storage tanks) restrict entry
into the area 100 yards beyond the current perimeter.

d. The Safety Office should make determinations as to *rhether the fork
1ift currently being used is adequate for use in an area where flammable and
combustible liquids are being transferred, and as to whether the smocks
currently being used afford adequate splash/spill protections.

9. TECHNICAL ASSISTANCE. Assistance may be obtained by calling USA
Environmental Hygiene Agency, Regional Division-West, AUTOVON, 943-8881 or by
writing through channels to Commander, USA Health Services Command, ATIN:
HSPA~P, Fort Sam Houston, Texas 78234, in accordance with paragraph 1-5, AR

40-5,
Ao »Z-/-MK

JOHN DEZAN,

Industrial Hyglenxst

Enviromnmental Health
Engineering Braoch

Conel 2 Nengmnniin. T, Msc
é}ﬂ‘ ILT JAMES JABARA

Envirommental Science Officer
Regional Division South

APPROVED:

2&%
STEVEN J. STONE, P.E., CIH
CPT, MSC

Chief, Environmental Health
Engineering Branch
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ACGIH

MSA
ng
mz/n3
mph
ND
MDMA
ng
NIOSH
NO2
0SNA
ppb
ppm
SCBA
SLpm
RMA
TLV
UNMH

USALHA

APPENDIX B

Abbreviations
American Conference of Governmental Industrial Hygienist
Liters
Mine Safety Appliance Company
milligrams
milligrams per cubic meter
miles per hour
nut detected
N-Nitrosodimethylamine
nenopram
National Institute for Occupational Safety and Health
Nitrogen Dioxide
Occupational Sefety and Heal h Act or Administration
parts per hillion
parts per milliun
Self Contained Areathing Aic Respirator
Standard liters pwr minute
Pocky Mountain Arsenasl
Threahold Limit Value established hv ACGINM
Urzymmetrical Dimethylhydratine or |, |-Dimethylhydragine

US Army Fnvironmental Hygiene Agwacy, Aberdeen Proving
Ground, MD
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APPENDIX C

Personnel Contacted

COL Williams, Cdr PMA

Dr. Throm, Occupational Health Physician/ RMA Health Clinic
Mr., Ursillo, Chief/Plant Operations

Mr. Crabtiee, Plant Engineer

Mr. Kim, Safety Engineer/RMA

Mr. Lynch, Foreman/Hydrazine Facility

Mr. Hactderger, Induetrial Hygiene Technician, Fitzsimons
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Ind Hyg Special Study Yo. 55-66~0216~81, N-Nitrosodimethylamine, Hydrazine,
and 1, I-Dimethylamine Exposures at the Hydrazine Blending Facility, RMA,
Commerce City, CO, 16-27 Jun 80

APPENDIX E
Tabulated Sampling Results

(To be used in conjunction with sampling locations
found in Appendix D)

SAMPLE FORMAT

7th Street Fence

-

Start of sampling period

Average wind ————— SW 4.5
velocity in mph :
Hyd 0.12

Hydrazine concentration in

Epa

1,1 Dimethylhydrazine ~ UDMH 0.43
concentration in ppm ;
NDMA 0.35 —=———e N-Nitrosodimethylamine
! concentration in Pppb

End of sampling period 1
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